Purpose: To compare dimensional changes and bone quality of two different grafting materials used for socket preservation.
| INTRODUCTION
Tooth extraction is associated with remodeling of the alveolar process in the extraction socket and results in both structural and dimensional changes. A horizontal bone loss of 29-63% and a vertical bone loss of 11-22% is expected at 6 months following tooth extraction. 1 This phenomenon may compromise the restoration of missing teeth with dental implants. To overcome this impediment, the concept of socket preservation aimed at minimizing bone resorption following tooth extraction, was developed. 2 Animal and human studies have shown that bone substitutes such as human demineralized bone matrix, deproteinized bovine bone mineral, magnesium-enriched hydroxyapatite, and others are effective materials for ridge preservation. 3 In a recent meta-analysis, Iocca and colleagues (2017) reported statistically significant results favoring the grafted sockets compared to nongrafted sites for both vertical (mean differences of 1.02 mm) and horizontal (mean difference of 1.52 mm) bone loss. 4 Statistically significant differences could not be found between various treatment alternatives or bone substitute materials. 5 In the context of bone substitutes, calcium sulphate is a wellestablished grafting material that has been used for decades in orthopedics and oral surgery. It has been shown to be well tolerated with a rapid turnover associated with subsequent bone regeneration. 6 Calcium sulphate in extraction sockets has been shown to completely resorb and allows for new trabecular bone to form. with systemic conditions that might affect wound healing were excluded as per the clinicians' discretion.
Sample size was initially calculated (10 or more patients in each group); consequently, thirty-three patients were initially recruited.
Prior to tooth extraction, patients were randomized into one of the treatment groups using a computer-generated block randomization list. The entire process including patients' allocation was performed by the study coordinator that was not involved in the patients' management in any way. Furthermore, the patient and the clinician responsible for the clinical measurements were both blinded to the nature of the treatment that was rendered.
I. Socket preservation using biphasic calcium sulfate with hydroxyapatite (Bond-apatite, Augma Biotech, Netanya, Israel)-BCS/HA group (n = 11).
II. Socket preservation using bovine derived xenograft (Bio-Oss, Geistlich, Wolhusen, Germany)-BDX group (n = 11).
III. Tooth extraction without socket preservation-Control group (n = 11).
Next, the tooth was extracted as atraumatically as possible with minimal reflection of the surgical flaps. A thorough debridement of the socket was completed and clinical measurements were performed using an omnivac or acrylic stent that was prepared and marked at the experimental sites ( Figure 1 ).
• Horizontal width of the alveolus at −3 and −6 mm apically from the crest (primary outcome variable) using a standard caliper with 0.1 mm marking (Medesy, Maniago, Italy) was measured.
• Vertical distance from the inferior border of the stent to the bone crest (V-distance) using a UNC 15 mm probe was measured.
• Residual walls width (of the sockets) at −3 and −6 mm apically from the corresponding buccal and lingual crests (WW-3 and -6)
were measured.
Once measurements were completed, the sockets were grafted with either xenografts (BDX group) or alloplasts (BCS/HA group) or left for the blood clot to fill the void (Control), Figure 2A ,F. At the time of implant surgery, core biopsies were obtained from the center of the previous socket site using a 2 mm trephine drill, followed by completion of the osteotomy and implant installation; the samples were immediately placed into a 4% formalin solution.
| Histology and histomorphometry
Specimens were stored in 4% paraformaldehyde for 2 days. Fixed specimens were decalcified for 2 days in Calci clear rapid (National diagnostics, CA), embedded in paraffin, sectioned (8 μm) and stained with Hematoxylin and Eosin (H&E). Histological slides were captured by a digital camera (Olympus DP70, Olympus, Tokyo, Japan) with a calibration scale and analyzed morphometrically using imageJ software (NIH, Bethesda, MD). Histomorphometric measurements were performed by one blinded examiner and included calculation of the percentage of residual scaffold, bone, and connective tissue.
| Statistical analysis
Following normality test, a paired Student's t-test was used to compare the clinical variables between baseline and reentry. Changes in the vertical and horizontal dimensions around these sockets following tooth extraction, histomorphometric data and pain scores, were compared between the groups using a one-way analysis of variance. A 5% significance threshold was used.
| RESULTS
Thirty-three subjects were initially enrolled into the study. Ages ranged from 45 to 80 years, mean 63.9 AE 8.1 (median, 64 years). Few (n = 2) of these patients were current smokers while seven were past smokers; thus the majority of the patients (n = 24) never smoked.
Males (n = 21) significantly outnumbered females (n = 12) in this study population. Premolar teeth (n = 29) were the most common tooth type requiring extraction followed by two canines and two smaller than both other treatment groups, P = .001 ( Figure 3) . Finally, the mean baseline horizontal width 6 mm apical to the bone crest was Pain scores were relatively low (mean = 3.14 AE 0.55). Slightly lesser pain was reported in the control group (2.29 AE 0.88 SE) compared to the BCS/HA (3.13 AE 1.0) and BDX (4.00 AE 0.97) groups, however these differences did not reach statistical significance (P = .486). A possible drawback of this study is the relative small sample size.
| DISCUSSION
Yet, the results for the BDX group and the C group are similar to previous studies, thus suggesting that this might not be of a major concern. Also, barrier membranes, sometimes used in-conjunction with socket preservation procedures, were not used in the present study.
Thus, the conclusions of this study pertain only to bone grafts used as a stand-alone procedure.
All patients reported low to moderate pain level following surgery ranging from 0 to 5 on the VAS (mean 3.14 AE 0.55) which was similar amongst the three groups. Very few studies reported on patient centered outcomes following socket preservation. Mozzati and colleagues 23 reported, following socket preservation procedure with biomimetic nanostructured matrix that patients reported pain scores were ≤4. Most recently (2018) Martin-Thome and colleagues 24 in a private practice setting, using a barrier membrane for socket preservation and bone augmentation, reported very similar pain scores (mean 2.2).
| CONCLUSIONS
BCS/HA may be used as the material of choice for socket preservation with similar and sometimes even better results compared to BDX.
The significance of the greater residual scaffold found in the BDX group on implant placement in these sites is yet to be determined.
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